Objective: We sought to objectively quantify the independent impact of significant mitral regurgitation (MR) on prognosis in patients with multiple comorbidities and ascertain the extent to which median survival is affected by increasing comorbidities.
INTRODUCTION
Significant mitral regurgitation (MR) is the most frequently diagnosed valvular disorder in the USA 1 and the second most common valvular disorder requiring surgery in Europe. 2 In the year 2000 alone, an estimated 2.0-2.5 million people were afflicted by significant MR in USA and this number is expected to double by 2030, as a result of the population ageing and growth. 1 
Strengths and limitations of this study
▪ This study has evaluated the impact of mitral regurgitation (MR) from data derived from a clinical and echocardiographic-linked database of real-world patients. The tertiary hospital setting in which this study was conducted provided a platform for which patients with MR and multiple comorbidities were evaluated at baseline and followed up for a year. A similar group of patients without significant MR were matched and followed-up in a similar manner for major clinical outcomes such as mortality and heart failure rehospitalisation. ▪ Prior studies have unequivocally demonstrated the adverse impact of untreated MR with increased mortality, morbidity and heart failure rehospitalisation. The present study, while concurring with these prior observations, further demonstrates that, with increasing non-cardiac comorbidities in patients, the independent impact of MR appears to diminish. MR in the context of advanced age left ventricular dysfunction and advanced comorbidities has a lesser relative impact on clinical outcomes since other medical factors may play a more significant role. ▪ The study concludes that the relevance of the MR needs to be evaluated within the context of the greater burden of comorbid disease as this will help define the appropriate clinical population that should be studied in future clinical trials for emerging MR corrective technologies. ▪ This study is retrospective and observational in nature and the differences observed in median survival between various patient groups were best estimates from robust modelling.
Untreated significant MR carries a dismal outlook with high morbidity and excess mortality. [3] [4] [5] [6] Surgical correction of significant MR, particularly mitral valve repair, when feasible, remains the only treatment modality hitherto, to successfully provide improvement in symptoms and heart failure. 7 This mode of treatment is supported by major guidelines that provide high-level recommendations based on various clinical and echocardiographic criteria. 7 8 With progressive improvement in the diagnostic capabilities, improvement in quantification 9 and surgical treatment of MR, 10 a major aspect of the assessment of significant MR, its independent impact within the context of concomitant comorbidities, remains under-investigated. 10 Previous observational and prospective studies have unequivocally demonstrated the adverse impact of MR on outcomes, but these studies have routinely separated the impact of MR from that of reduced left ventricular (LV) function. 2-4 6 10 Other studies have either excluded patients with excessively high surgical risk due to multiple comorbidities or provided widely variable estimates of its impact on clinical outcomes. 6 11-16 Consequently, objective assessment of the impact of significant MR, in the context of concomitant comorbidities, is difficult to ascertain.
An improved understanding of the impact of significant MR, especially in the context of the greater burden of comorbidities, is required to improve decision-making and patient management. This will ultimately assist clinicians in refining patient selection for the best-suited therapeutic modality in the treatment of significant MR.
This study seeks to quantify the impact of significant MR on clinical outcomes such as death and heart failure, after accounting and within the context of age and comorbidities in a real-world population of patients undergoing echocardiography.
METHODS
Patients with significant MR were retrospectively identified from 2005 to 2010 through the Flinders Medical Centre Echocardiographic database. This clinical service provides regional echocardiographic imaging to a population of approximately 600 000 and performs over 12 000 echocardiograms per year.
Electronic and echocardiographic matching process Patients were identified through a two-stage matching process (figure 1). Using an algorithm, patients with various degrees of reported MR (mild, moderate and severe) and no MR were matched by age (within 5 years), gender, left ventricular function ejection fraction (LVEF) (classified as <35%, 35-44%, 45-60%, >60%) and date of echocardiogram (within 6 months) to permit comparable follow-up duration for those with and without MR. Patients with prior surgical repair or replacement of the mitral valve, moderate mitral stenosis and those with moderate or severe aortic stenosis were excluded. Through this method, 297 patients with severe MR were matched to 549 patients (1:1.9) with moderate MR, 726 patients (1:2.4) with mild MR and 428 patients (1:1.4) without MR.
Matched population
Subsequently, through independent adjudication by a trained echocardiography specialist, each echocardiogram was assessed. Patients with grade 3 or 4 MR (significant MR) were matched 1:1 to patients with either no or mild MR (without significant MR) by age (within 5 years), gender, LVEF classified as severe dysfunction <35%, moderate dysfunction 35-44%, mild dysfunction 45-60%, preserved >60% and date of echocardiogram (within 6 months).
Recognising that LV function is a potent predictor of outcomes and the possibility of overestimating risk by matching this variable, an alternative-matching algorithm by NYHA class was performed. This algorithm did not reveal any significant differences when compared to the LV-based matching algorithm with respect to baseline characteristics, echocardiographic parameters and clinical outcomes. As such, the LV-based matching algorithm was utilised for this study and is presented.
All patients were eligible for more than the 12 month follow-up, enabling further clinical and echocardiographic evaluation. Clinical characteristics including, age, hypertension, diabetes, renal impairment, heart failure (New York Heart Association Class I-IV), liver disease, prior stroke, a history of atrial fibrillation, known ischaemic heart disease, prior coronary artery bypass grafting, prior lung disease and Charlson index were determined through electronic and medical record review. The Charlson index is a composite score incorporating multiple comorbidities and has been demonstrated to provide powerful prognostic information. 17 Figure 1 Study design: two-stage matching and adjudication process.
Echocardiographic and clinical outcome variables Two-dimensional transthoracic echocardiograms (2D-TTE) for patients with and without significant MR were reviewed and adjudicated by a cardiologist with level III training in TTE as defined by the American College of Cardiology/American Heart Association (ACC/AHA) Clinical Competence Statement on Echocardiography. 18 When multiple echocardiograms were available, the first eligible echocardiogram was used. Each 2D-TTE study was independently reviewed and adjudicated by strict adherence to the American Society of Echocardiography (ASE) report on recommendations for evaluation of the severity of native valvular regurgitation with 2D and Doppler echocardiography. 9 Echocardiographic parameters included quantitative parameters for MR; effective regurgitant orifice area (EROA) (cm 2 ), regurgitant fraction (%), regurgitant volume (mL/beat), supportive signs of severity, vena contracta width, mitral inflow characteristics, colour flow jet area, pulmonary vein flow, pulmonary artery pressure and other volumetric parameters such as LVESD and LVEDD, left atrial area and LVEF; biplane Simpsons method. Aetiology of MR was classified as degenerative or functional according to the morphology of the mitral valve on 2D-TTE. Significant MR was considered to be present if any of the following echocardiographic features were present: vena contracta width greater than 0.7 cm with a large central MR jet (>40% of the left atrial area), regurgitant volume of ≥60 mL/beat, regurgitant fraction ≥50%, EROA ≥0.4 cm 2 , systolic pulmonary vein flow reversal.
The date of the first echocardiogram meeting the criteria for MR or the matching control was used as the start (time zero) of this analysis. Subsequent clinical outcomes were determined through data-linkage using the South Australian Clinical Record Repository which records all primary, secondary and procedural information of all patients admitted to the South Australian public health system. Deaths were determined through linkage with the South Australian registry of births, deaths and marriages. While admissions for all diagnoses were available within this system, using ICD 10AM coding definitions, the analysis focused on admissions heart failure (I50), myocardial infarction (I21), atrial fibrillation (I48) and cerebrovascular disease (G46).
Statistical analysis
Baseline clinical and echocardiographic characteristics were compared between matched patients. Continuous variables were expressed as a mean±SD or median and IQR for variables with non-Gaussian distributions. All discrete variables were expressed as counts (n) and percentages (%) of the study population (N). In order to assess the impact of severity of MR on mortality and recurrent hospitalisation for heart failure, a survival analysis was performed using both cohorts in an unadjusted manner and then adjusted using a Cox proportional hazards model including the following baseline clinical and echocardiographic variables: age, left ventricular function, New York Heart Association heart failure classification, anaemia, prior acute coronary syndrome (ACS) history of atrial fibrillation, prior coronary revascularisation, hypertension, dyslipidaemia, a history of diabetes, pulmonary hypertension, renal impairment (estimatedglomerular filtration rate by modification of diet in renal disease equation <30 mL/min/1.73 m 2 ), a history of malignancy and prior lung disease. Variables with a p value of >0.2 were removed from the model. Interactions between the aetiology of MR and outcome were sort but not found to be significant. Given the study design, a model was clustered on matched patients sets to allow for intragroup correlation hazards assumption was evaluated and found to be met. The utility of the final model was assessed visually by plotting the Cox Snell residuals against the Nelson-Aalen cumulative hazard. The fit of the model was found to be acceptable. The association between significant MR and freedom from death or heart failure hospitalisation in the entire cohort and among patients over the age of 75 years was plotted using Kaplan-Meier methods. To evaluate the time to first event of the composite of death or heart failure admission associated with significant MR, the 'win ratio' methodology was applied for a separate evaluation of the time to heart failure admission and death within each matched pair, before aggregating these estimates into a composite estimate. A ratio of >1.0 implies more 'wins' (ie, longer time to events), while a ratio of <1.0 implies more 'losses' (ie, shorter time to events) among the exposed patients. 19 20 To estimate the impact of significant MR on median survival, the final Cox proportional hazards model was utilised to predict median survival times in both patient groups. To explore the impact of clinical comorbidities, median survival and relative and absolute reduction in survival attributable to MR, several clinical scenarios were modelled and displayed graphically. All analyses were undertaken using STATA MP V.13 (College Station, Texas, USA) and a p value of 0.05 was considered statistically significant.
RESULTS

Baseline characteristics
A total of 218 pairs of patients with and without significant MR were included in this analysis. Baseline characteristics are summarised in table 1. The mean age of patients with significant MR was 78.9 years (±11.7), with 54.5% being female. Patients with significant MR were more likely to have a history of atrial fibrillation, an admission for heart failure and a history of coronary artery bypass grafting but were less likely to have experienced a prior cerebrovascular accident. The overall cohort was well matched for diabetes and hypertension but when LVEF was reclassified to label an EF <60% as representing mild LV impairment, intragroup differences in LV classification emerged. Similarly, echocardiographic parameters among patients with significant MR demonstrated larger overall left heart chamber dimensions for LVEDD and LVESD parameters and higher pulmonary artery pressures. Approximately two-thirds of the cases (149/218, 68.4%) were classified as having a degenerative aetiology for their MR, while the remaining cases had a functional aetiology. The mean ERO area was 0.42(SD: 0.30) cm 2 . The median time duration of follow-up from the date of initial echocardiography was 31 months (IQR: 12-45 months). The total patient time available was 13 028 months.
Clinical outcomes
Patients with significant MR were more likely to experience hospital admissions for heart failure (table 2). The greatest relative increase in heart failure admissions was evident at 12 months. The time to any rehospitalisation or heart failure rehospitalisation was shorter among the patients with significant MR but the difference was not significant. Overall, significant MR was associated with a higher rate of mortality across the follow-up period, with this difference being evident at 12 months but diminishing over the longer term. The Kaplan-Meier survival plots for the entire cohort and patients over 75 years are presented in figures 2 and 3, respectively. No differences were observed in the rates of stroke or atrial fibrillation admissions.
Multivariate impact of significant MR
In a multivariate analysis (table 3) , increasing age and worsening LV function were associated with a stepwise increase in the HR for mortality. A similar increase in HR for mortality was seen with a history of chronic obstructive airways disease and an increasing Charlson index. An interaction between a previous ACS event and GFR <30 mL/min/1.73 m 2 and chronic obstructive airways disease, respectively, was also observed. Within this model, a significant MR was associated with a significant increase in the risk of late mortality (HR: 1.83, 95% (CI 1.28 to 2.62, p=0.001). The win ratio for death during the follow-up period was 0.57 (95% CI 0.40 to 0.78, p=0.0002), and the win ratio for death or heart failure readmission was 0.53 (95% CI 0.39 to 0.71, p<0.0001). Given the two separate aetiologies of MR observed in this study, an interaction analysis was performed to evaluate the differing HRs on survival associated with each respective aetiology. No statistical interaction was observed within this analysis (interaction p value=0.108), hence indicating that the overall analysis provided the most robust estimate of effect.
Impact of significant MR on survival
The model was used to explore the reduction in median survival due to significant MR. Among patients with no significant comorbidity and normal LV function, the presence of significant MR was associated with a median survival that was well beyond the 4-year observation period of our data, though a substantial reduction in survival remained evident as compared to patients without significant MR. Similarly, patients with significant MR aged 75 to 85 years with severe LV systolic dysfunction without significant comorbidities had a median survival of 2.67 years compared to similar patients without significant MR who experienced a median survival of 4.96 years. This translates to a reduction of survival by 2.29 years. However, among patients with significant MR, above 85 years of age with severe LV dysfunction, GFR <30 mL/min/1.73 m 2 , a history of coronary artery disease, Charlson index of two or more, the median survival was a meagre 0.07 years. Without significant MR, this survival was only extended to 0.27 years. The reduction of survival attributable to significant MR in this context was only 0.20 years. A prevailing trend of gradual diminishment in the projected median survival between various patient groups was observed. Figure 4 presents the predicted survival and relative impact of significant MR in patients with various degrees of comorbidities.
DISCUSSION
Significant MR, especially of the degenerative variant, is an emerging public health problem as a consequence of the population ageing and growth. 1 A current understanding of the natural history of significant MR has been derived from research of select patient cohorts, often excluding complex comorbid patients. 16 In the absence of clinical trials for the broader realworld population with significant MR, 10 the current challenge lies therein in devising the optimal management strategy for the ageing, complex comorbid patient with significant MR. As such, quantifying the independent prognostic impact of significant MR in the presence of competing comorbidities becomes even more relevant, as it facilitates clinical decision-making regarding patient management and utilisation of novel interventional therapeutic modalities. This analysis focuses on defining the independent impact of significant MR on the individual, after accounting for age and comorbidities, within a realworld population of patients undergoing echocardiography. As observed, significant MR was associated with an increase in the risk of death and recurrent hospitalisation for heart failure that was of similar magnitude. Using the 'win-ratio' methodology, it was further demonstrated that patients with significant MR experience these end points at nearly twice the rate of similar patients without significant MR. Furthermore, best estimation of a robust model demonstrated that significant MR was associated with the most substantial reductions in the projected median survival among patients aged between 65 and 85 years with severe LV dysfunction and limited comorbidities. In contrast, the presence of significant MR in patients with severe LV dysfunction and multiple comorbidities conferred a lesser absolute reduction on the projected median survival, since increasing non-cardiac comorbidities had a substantial impact on overall survival, leading to a relatively small difference in the median survival attributable to significant MR. This finding is especially important, as applying novel percutaneous MR corrective technology in such highly comorbid patients with reduced expected survival may be of limited value. While the impact of this novel technology on survival may be diminished in this particular patient cohort, a critical evaluation should also consider its impact on heart failure hospitalisation, improvements in quality of life and functional capacity.
Previous efforts to quantify the mortality risk associated with significant MR have focused on a population of patients with existing heart failure, finding HRs for mortality of 2.0 (95% CI 1.5 to 2.6, p<0.001) and 1.9 (95% CI 1.3 to 2.9, p<0.001) for patients with dilated and non-dilated cardiomyopathy, respectively. 21 As for the population of patients without pre-existing heart failure, a recent analysis of significant MR from the Mitral Regurgitation International Database (MIDA) registry demonstrated mortality rates of 16, 31 and 59% at 5, 10 and 20 years, respectively, from diagnosis for those receiving initial medical management. 22 Within our analysis of the broader population of patients with and without heart failure, we find a consistent degree of excess risk. Interestingly, the overall rates of mortality were higher in this analysis, which may be attributable to the older median age of the population studied.
An additional observation from the Cox model was that of no interaction between reduced LV function and the impact of significant MR; the clinical impact of MR on mortality was evident among patients with normal LV function. In contrast, a significant interaction between significant MR and a history of lung disease was observed. Among patients with existing lung disease, significant MR had little or no effect on median survival. However, survival among patients with severe lung disease is very poor, 23 and therefore a negative impact of significant MR among these patients is harder to demonstrate. When considering the application of emerging technologies for the treatment of significant MR, it is anticipated that these will be used among patients with advanced comorbidities, deemed unsuitable for open surgical mitral valve repair or replacement. 24 25 Our current analysis seeks to help to define the appropriate clinical population that should be studied in future clinical trials for emerging technologies.
This study has demonstrated that the relevance of the MR needs to be evaluated within the context of a greater burden of comorbid disease. Using the multivariate model projections to estimate the reduction in median survival from MR seeks to explore the interface between MR and patient comorbidities. Within this analysis, additional comorbidities, with the exception of lung disease, appear to be associated with an increase in the life lost due to significant MR and therefore the opportunity to benefit from novel interventions. Of course, among patients with multiple comorbidities, survival is also poor, and as a consequence, the impact of significant MR is smaller and the benefit of novel interventions may be more limited. These findings suggest that the opportunity to provide benefit to patients with significant MR through emerging technologies may be of greater value among those patients with impaired LV function but limited non-cardiac comorbidities.
CONCLUSION
Across a broad spectrum of patients, significant MR is associated with a substantial increase in the risk of death or heart failure hospitalisation. The presence of significant MR is associated with a marked reduction in median survival, though this difference diminishes in the presence of substantial non-cardiac comorbidities. Such analyses may aid in the selection of patient subgroups that would benefit from emerging technologies targeting significant MR.
Study limitations
This analysis is observational in nature and therefore is subject to the inherent issues of residual unmeasured biases. Nevertheless, consistency between these findings and previous estimates of risk associated with significant MR among patients with heart failure may suggest that these hidden biases are limited. In addition, the generalisability of the projected estimates of the years of life lost is dependent on the robustness of the model and its relevance to other patient populations with significant MR. The differences of median survival in patients with and without MR in each depicted patient group are only best estimates. Nevertheless, such analyses are best used to explore the intersection between specific conditions and the emerging burden of multiorgan comorbidities that is increasingly prevalent as the population ages. The projected relative impact is of potential utility for informing patient selection in order to improve the design of future pragmatic clinical trials and concurrent health technology evaluations that will be required with the many emerging technologies for the percutaneous treatment of mitral regurgitation.
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